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1. INTRODUCTION 

The contribution of technology to human life and work is growing, and technologies are being 
created to supplement humans in their labor while attending various machines. Human-machine interface 
(HMI) plays an important role in proper execution of object manipulation functions, such as assisting a 
person's task through machines. Researchers are investigating and developing software and hardware-based 
HMI manipulation tools that include sensors and integrated sensor technology. HMI has undergone a lot of 
development [1]. 

In order for the machine to interact with people, it is necessary to create and use a new sensor that 
requires very tight control over sensing data as well as extremely accurate measurements of force and torque 
[2]. Sensors like gyroscopes, accelerometers, and force/torque sensors are very necessary to read and record 
any movement of a machine interacting in a closed or open environment. Considering the sensor 
technologies, the force/torque sensor is being used to adjust its functions and size according to the work in 
various fields like from industrial robots to medical robots and service machine systems. A force/torque 
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sensor is utilized on a very large scale for HMI since it can measure the direct force, impulse, or torque 
operating at a specific spot [3]. 

While operating an HMI enabled system, in which a user is required to move or rotate a certain 
machine, the first contact point of the user (at a control handle) is the force/torque sensor. This understands 
the user’s force/torque and the direction. Accordingly, it amplifies the force/torque using motors and other 
actuators that assemble the system, and moves the machine in the desired direction. Thus, providing a force 
assistance, the user is required to apply very minimum force to move heavy machinery. 

Digital X-ray system, dental chairs, dental units, and robots are some of the representative examples 
of system devices that are made to interact with humans through HMI. Sensing user force to move machinery 
is a basic principle in very immersion technology like an exoskeleton robotic suit. The force sensors 
interfaced in this were made of resistive and semiconductor materials [4], [5]. Many different applications, 
including strain gauges, tactile sensing, temperature sensing, photo detector, and gas detecting sensors, use 
resistive sensors. The voltage change in the circuit is a popular way to quantify the change in resistance. An 
operational amplifier circuit is then used to examine this alteration in resistance. The amplifier circuit is also 
used for signal conditioning. Sensors like stain gauges include more than 32 interconnected variable resisters, 
and many sensors are multiplexed to transfer data for data acquisition [3]-[5]. 

When a single force sensor is employed to identify the user effort input for movement of a machine 
in various directions then the data recorded by the sensor corresponding to forces in multiple directions 
causes crosstalk. Crosstalk is the term for the mistake that results due to multiple direction force values in 
measured data [6]. The crosstalk is produced by the multiplexer channels' leakage currents and the pathways 
taken by the various strain gauge elements within the sensor. Any reading change could be seen as false due 
to crosstalk. In order to attain the best accuracy in force sensing, crosstalk reduction becomes crucial [7], [8]. 
The gain of the amplifiers determines how well the signal conditioning and amplifier circuits function 
overall. However, despite performing numerous operations on the signal, crosstalk cannot be eliminated. 
Even though the mechanical construction of the commercially available multi-axis load cells or force/torque 
sensors is straightforward, the signal processing and amplifier circuit boards with sensors are expensive [9], 
[10]. Thus, systems incorporating force and torque measurement to facilitate effort reduction while operating 
the machine through HMI are facing the problems related to crosstalk. There is need to address the issues 
related to crosstalk either by its complete elimination which is inevitable or build the system having 
algorithm or software/hardware to nullify effect of crosstalk. 

The system uses a precision 24-bit analog-to-digital converter (ADC) in its initial iteration. For the 
HX711 IC, the HX711 module is a load cell amplifier that makes it simple to read load cells. HX711 24 bit 
high-precision ADC chips are used. The input circuit set with a higher gain is accurate, and is a perfect for 
sampling. The HX711 communicates using a two-wire interface clock and data [11]. HX711 has benefits like 
high integration, quick reaction, immunity, and other qualities that enhance overall performance. After 
reading the data and applying a number of processes, the microcontroller's algorithm removes crosstalk by 
mapping the data with absolute values. The real time data of 24 bits is processed and converted to absolute 
set of values on which the pulse width modulation required for motor driver to run the permanent magnet DC 
motor. The present paper has proposed a new method by which a multi-axis system can measure the direct 
force acting on it and, using data acquisition, assess the force's direction. Crosstalk is eliminated on two 
levels in the system that is being suggested. First, by updating the analog-to-digital hardware at higher bit 
rate and higher gain and the second, is by implementing authors’ customized algorithm. Thus, authors’ have 
proposed a unique but combined two level solution, incorporating hardware level as well as software level, to 
avoid the effect of crosstalk. 

In this regard, this study provides the design and analysis of a mechatronic system while 
development of sensor integrated four-axis ceiling suspension system using a force/torque sensor. Thereby it 
aims to provide force assistance to the navigation task of the technical person attending that service machine. 
The aim of the paper is to formulate a way by which a multi-axis system will be capable of measuring the 
direct force acting on it and using the data acquisition it will be able to analyze the direction of the force. The 
use of this process will be useful in HMI. It will help in creating an environment in which the service 
machine will assist the human by reducing the force effort to be applied by the attendant to drive/navigate the 
service machine. 


2. FORCE/TORQUE SENSOR AND EXISTING TECHNOLOGY 

Force/torque sensor in an electronic device that is capable to sense the direct force or rotational 
force applied to it [12]. An electronic instrument converts the physical form of energy into electrical form 
using some electrical signal conditioning devices is a transducer. The applied force like compression, tension 
or weight on a device and the device read those changes occurs physically is force or torque transducer [13], 
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[14]. There is a lot of development in different sensor technologies to record the force using multiple ways 
and multiple materials. To make the force sensors more compact and error less technologies are developing. 
The major role of semiconductors to build such devices is very huge [15], [16]. 

The strain gauge load cell is the most used kind of force sensor or transducer and a good example of 
an elastic device. Once the load or force applied to any strain gauge devices because of its elastic nature it 
tends to change its geometric shape that leads to change in diameter, length and cross section area of the 
semiconductor wire attached in the object [17]. Figure 1 illustrates some of the different resistance strain 
gauges that are available for use in diverse applications, including the linear gauge, T-rosette, and double 
shear [18]-[21]. Because of change in cross section area of the wire the resistivity and the resistance of such 
devices changes this change can be seen using a voltage divider circuit [22]. Using polymers adhesive if such 
construction attached to an object which is then introduced with certain load the wire construction will able 
to sense the developed strain in the devices. To get the sensing data accurate multiple numbers of such small 
strain gauges are connected in series or in parallel configuration depending upon the range of force in 
Newton required, with different rated capacities typically ranging from 2 N to more than 50 MN [23]-[25]. 
Copper-nickel, nickel-chromium, nickel-chromium-molybdenum, and platinum-tungsten alloys are the most 
popular materials used to make strain gauges [26]. 

In force sensitive resistor (FSR) sensor, foam is used to separate the two copper sheets. This 
construction of strain gauge, using foam as a separating membrane, is very useful for multiple applications 
[27]. The FSR sensor is lightweight and has been considered for the study presented in this paper. High 
sensitivity and high-resolution are key features of the capacitive type of force sensors [28]. Capacitive 
sensors advantage from the accessibility of tiny chips for signal digitization. However, due to their frequent 
severe hysteresis and sensitivity to variables like temperature and humidity, capacitive sensors are 
infrequently employed for macro scale force/torque sensors [29]-[35]. Because viscoelastic material is used 
in capacitive sensors, the sensors exhibit substantial hysteresis [36]. Figure 1 shows the construction of 
different types of gauges available to be used for resistance-based construction of force sensor. 


Linear gauge T-rosette Double shear 


Figure 1. Type of strain gauges 


On the crystal surface of some crystalline materials, electric charges are created in directly 
proportional to the change in force applied. In order to operate the device, a charge measuring amplifier is 
needed to provide a signal that is both large enough to measure and proportionate to the applied force. The 
early piezoelectric transducers for measuring used naturally produced quartz, however today most quartz is 
synthetic. Due to this, these sensors are frequently referred to as quartz force sensor, however the term 
“piezoelectric crystal” will be used here more frequently. The fact that these piezoelectric crystal sensors are 
active sensing components sets them apart from the majority of other sensing methods. The advantage of 
such large frequency response of the measuring system without creating geometric changes to the force 
measuring channel is less power supply is required and the deformation to obtain a signal is very minute. A 
piezoelectric sensor can still be used to measure the change in the position vector. Using a substance known 
as piezoelectric, energy can be transformed from mechanical to electrical or electrical to mechanical. A 
transition occurs because of the piezoelectric effect [37]. Manufacturing, microscopy, medicine, robotics, and 
defense are just a few of the industries that are using more and more piezoelectric actuators for stack-type 
placement. These systems are prized in real-world applications for their compact design, low energy usage, 
and powerful actuator dynamic performance [38]. 

These instruments allow measurements of high-speed scenarios, such as the direct impact on solids 
and press forces, which could not otherwise be possible. Piezoelectric sensors require a circuit allows a 
relatively small amount of current through, per unit of applied voltage at that point. Utilizing the appropriate 
cabling included with a transducer is crucial [39]—[41]. Table 1 provides a comparison of different device 
types that can be used for force sensor construction and thereby can be further modified to be used as 
force/torque sensor. 
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Table 1. Comparison of different device types that can be used for force sensor construction 


Device type Subcategory Range of Uncertainty % Temperature Sensitivity and 
capacities of reading Operating range of reading per °C 
Strain gauge or load cells Semiconductor 0.01 N to 10 kN 0.2 to 1 -40 °C to +80 °C 
Thin film 0.1 N to 1 MN 0.02 to 1 -40 °C to +80 °C 
Foil 5 N to 50 MN 0.02 to 1 -40 °C to +80 °C 
Piezoelectric crystal 1.5 mN to 120 MN 0.3 to 1 -40 °C to +80 °C 
Capacitive, linear variable 10 mN to 1 MN 0.02 to 2 -40 °C to +80 °C 


differential transformer vibrating 
wire 


3. METHOD 

The experimental hardware contraction consists of a strain gauge-based force/torque sensor 
connected with the ADC HX711. ADC consists of an operational amplifier which is used for comparing and 
reading the change in resistance within the strain gauge. To measure small changes in resistance, strain gauge 
configurations are based on the concept of a Wheatstone bridge. The general Wheatstone bridge, illustrated 
in Figure 2 is a network of four resistive arms with an excitation voltage, Vex, that is applied across the 
bridge. The block diagram of data acquisition is shown in Figure 3. Force sensor gives the differential 
voltage which is measured by the ADC HX711 and the data through serial communication is given to the 
microcontroller, the microcontroller has the code to evaluate and to generate the required pulse with 
modulation (PWM) and duty cycle for the motor driver to run the motor in desired position. 


Force/Torque 
Sensor Strain 
Gauge Circuit 


Figure 3. Block diagram of data acquisition 


4. RESULTS AND DISCUSSION 

The current results are the consequence of a multidisciplinary approach and include issues of 
equipment design, algorithm for data processing, mounting the sensor, data measuring and recording, and a 
build of a prototype for qualitative evaluation. 


4.1. Experimental setup 

The setup consists of the major components as force/torque sensor, ADC HX711, micro-controller 
(ATMEGA2560), DC motor driver board (Cytron enhanced 13 Amp), power supply and DC motor. The 
force/torque sensor has a construction of multiple strain gauges which is connected in rhombus Wheatstone 
bridge construction with each HX711. To collect the data from four strain gauges, four number of HX711 are 
required. HX711 communicates with microcontroller using two-wire interface (clock and data), which is 
connected on SCK and DT pins. The force values get stored and processed in the microcontroller and 
mapped over the PWM. The ATMEGA gives 2° bytes of PWM means it gives the range of PWM pulses from 
0 to 255. Using the PWM values the motor driver controls the DC motor. Figure 4 shows the interfacing of 
the force/torque sensor with the ADC and microcontroller. 
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Analog to 
Digital 
Converter 


Force 
Torque 
Sensor 


Figure 4. Experimental setup 


4.2. Data measuring/recording 

The communication results between the hardware and the software are shown in Figure 5 and 
Figure 6. The analog input signal from the force/torque sensors received by ADC HX711 is given to 
microcontroller and the data is processed and recorded. Graph of Figure 5 shows the data collected through 
microcontroller through ADC HX711, the calibration is not done in the code script and the raw data is stored. 
In Figure 6 the data shown is properly calibrated by generating an offset for every force value. The offset is 
then subtracted from the sensing values and gives the calibrated results. 
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Figure 6. Data collected after calibration 


Any effect can be described as “crosstalk” occurs when a signal sent through singular circuit or the 
same channel of a transmission used in system has an unintended impact on a different circuit or on different 
channel. Crosstalk is typically brought on by undesirable change in capacitance, change in inductance or 
heavy disturbance of error in collecting data between channels or circuits. Here the crosstalk is of four signals 
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because the control system is reading the sensor data in all four directions at a time. There is a need to 
minimize the crosstalk. Figure 7 highlights the algorithm used to minimize the cross talk. After applying the 
algorithm, as shown in Figure 7, the absolute value is represented and the PWM is mapped along with the 
maximum absolute value which is calculated from the recorded values. 


yes Motor 
Clockwise; 


Map Absolute 
Value 
With PWM 


Compare Absolute 


yes 
Value 


Motor 
Anticlockwise 


no 


Figure 7. Algorithm used to reduce crosstalk 


Figure 8 represents the data after applying the algorithm to get the mapped PWM to be provided to 
the motor driver to move the motor. This PWM is given as input to the motor driver circuit and the motor 
speed is controlled to obtain the desired position. To control the direction of rotation of the motor the 
negative and positive values are considered. The motor will rotate in a clockwise direction if the applied 
force values are positive and vice versa. Figure 9 shows data gathered from all four axes. 
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Figure 8. Crosstalk removal (a) data collected, (b) mapped absolute value, and (c) generated PWM 
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5. CONCLUSION 


839 


The input force in the form of the analog signal is recorded using force/torque sensor and an external 
ADC is used to read the signal. The experimental setup has defined that a force/torque sensor contracted 
using strain gauges is very efficient and useful in real-time applications. A new system with a force/torque 
sensor has been designed with the help of discussions on special needs, range choice, and sensor structure 
type. The analysis and discussion in this paper are helpful for the design of a different system with various 
configurations and minimal measurement errors/crosstalk where there is a hard contact force between the 
system and the outside environment, in addition to the development of the specific force-assistance system. 


By applying unique two-level solution, incorporating hardware level as well as software level, the effect of 
crosstalk has been successfully overruled. 


Motor controlled system development with force-assistance using ... (Kshitij Ghanshyam Jiwane) 


840 m) ISSN: 2088-8694 


REFERENCES 

[1] H. P. Singh and P. Kumar, “Developments in the human machine interface technologies and their applications: a review,” J. Med. 
Eng. Technol., vol. 45, no. 7, pp. 552-573, June 2021, doi: 10.1080/03091902.2021.1936237. 

[2] M. Y. Cao, S. Laws, and F. R. y. Baena, “Six-axis force/torque sensors for robotics applications: a review,” IEEE Sen. J., vol. 21, 
no. 24, pp. 27238-27251, Oct. 2021, doi: 10.1109/JSEN.2021.3123638. 

[3] S. R. Chowdhury, A. P. Bhondekar, R. Kumar, S. Bagchi, R. Kaur, and V. Karar, “Analysis of a novel circuit arrangement to 
suppress crosstalk in 2-D resistive sensor arrays,” Circuits, Syst. Signal Process., vol. 39, no. 3, pp. 1227-1243, Sep. 2019, doi: 
10.1007/s00034-019-01242-7. 

[4] X. Lamy, F. Collédani, F. Geffard, Y. Measson and G. Morel, “Human force amplification with industrial robot : study of dynamic 
limitations,” in proceedings of the 2010 IEEE/RSJ International Conference on Intelligent Robots and Systems, Taipei, Taiwan, 
2010, pp. 2487-2494, IEEE, 2010, doi: 10.1109/IROS.2010.5651677. 

[5] I. Kang, H. Hsu and A. Young, “The effect of hip assistance levels on human energetic cost using robotic hip exoskeletons,” IEEE 
Rob. Autom. Lett., vol. 4, no. 2, pp. 430-437, April 2019, doi: 10.1109/LRA.2019.2890896. 

[6] Y. Yoo and B.-D. Choi, “Circuit techniques to suppress crosstalk due to circuit non-idealities in zero-potential-biasing method for 
resistive sensor matrix,” IEEE Sen. J., pp. 1-1, 2023, doi: 10.1109/jsen.2023.3234242. 

[7] Z. J. Ren, M. S. Ren, J. Zhang, M. Hua, C. Sun, and S. Liu, “Research on the load-sharing principle of a novel piezoelectric 
dynamometer,” Exp. Tech., vol. 43, no. 3, pp. 287-300, Mar. 2019, doi: 10.1007/s40799-019-003 14-2. 

[8] M. Chennakesavulu, T. Jayachandra Prasad, and V. Sumalatha, “Improved performance of error controlling codes using pass 
transistor logic,” Circuits, Syst. Signal Process., vol. 37, no. 3, pp. 1145-1161, Jul. 2017, doi: 10.1007/s00034-017-0596-4. 

[9] F. Castro, T. Pentiado, J. Blanco, R. Xavier, M. Sanches and A. de Carvalho, “Crosstalk error analysis in IDFC readout circuit for 
use in piezoresistive composite,” IEEE Sen. J., vol. 18, no. 1, pp. 382-389, 1 Jan.1, 2018, doi: 10.1109/JSEN.2017.2771151. 

[10] Y. Fu, M. V. Sivaselvan, R. Staniszewski, S. Weinreber, and N. D. Oliveto, “Six-axis load head with application to electrical 
conductor nonlinear dynamics,” Exp. Tech., vol. 45, no. 1, pp. 67-81, Nov. 2020, doi: 10.1007/s40799-020-00405-5. 

[11] A. Rasheedha, K. Srinathi, T. Sivalavanya, R. R. Monesha and S. Nithin, “Arduino based automated dosage prescriptor using load 
cell,” in proceedings of the 2020 4" International Conference on Electronics, Communication and Aerospace Technology 
(ICECA), Coimbatore, India, 2020, pp. 85-89, IEEE, 2020, doi: 10.1109/ICECA493 13.2020.9297476. 

[12] K. Samuel, R. Oboe, and S. Oh, “Novel force observer for precise force estimation using force sensor,” in proceedings of the 46" 
Annual Conference of the IEEE Industrial Electronics Society, IECON 2020, pp. 650-655, IEEE, 2020, doi: 
10.1109/IECON43393.2020.92543 10. 

[13] S. -K. Yeh, C. -C. Ning, C. -Y. Yeh, S. -H. Tseng, Y. -Z. Juang, and W. Fang, “CMOS chip for solid-state tactile force sensor,” 
2020 IEEE Sensors, pp. 1-4, Dec. 2020, doi: 10.1109/SENSORS47125.2020.9278689. 

[14] O. Al-Mai, M. Ahmadi, and J. Albert, “Design, development and calibration of a lightweight, compliant six-axis optical 
force/torque sensor”, IEEE Sen. J., vol. 18, no. 17, pp. 7005-7014, Sept. 2018, doi: 10.1109/JSEN.2018.2856098. 

[15] T. Jaysrichai, “Load cells application for developing weight-bearing detection via wireless connection”, Open Biomed. Eng. J., vol. 
12, no. 1, pp. 101-107, 2018, doi: 10.2174/1874120701812010101. 

[16] A. K. Bose, D. Maddipatla, X. Zhang, M. Panahi, S. Masihi, B. B. Narakathu, B. J. Bazuin, and M. Z. Atashbar, “Screen printed 
silver/carbon composite strain gauge on a TPU platform for wearable applications,” in proceedings of the 2020 IEEE International 
Conference on Flexible and Printable Sensors and Systems (FLEPS), pp. 1-5, IEEE, 2020, doi: 
10.1109/FLEPS49 123.2020.9239547. 

[17] E. Krotkov, D. Hackett, L. Jackel, M. Perschbacher, J. Pippine, J. Strauss, G. Pratt, and C. Orlowski, “The DARPA robotics 
challenge finals: results and perspectives, ” J. Field Robot., vol. 34, no. 2, pp. 229-240, Mar. 2017, doi: 10.1002/rob.21683. 

[18] R. D. Pristovani, D. R. Sanggar, and P. Dadet “Implementation of push recovery strategy using triple linear inverted pendulum 
model in “t-flow” humanoid robot”, J. Phys.: Conf. Ser., vol. 1007, pp. 1-13, 2018, doi: 10.1088/1742-6596/1007/1/012068. 

[19] G. Ponraj, J. Vedhagiri, and H. Ren, “Sensor fusion of leap motion controller and flex sensors using kalman filter for human finger 
tracking”, IAES Int. J. Rob. Autom., vol. 6, no. 3, pp. 178-187, Sept. 2017, doi: 10.1159 1/ijra.v6i3.pp 178-187. 

[20] R. Rathore, A. K. Singh, and H. Choudhary, “Design, development, and calibration of bipedal force-plate for post prosthesis gait 
rehabilitation,” Mater. Today: Proc., vol. 44, part 6, pp. 4873-4877, 2021, doi: 10.1016/j.matpr.2020.11.706 

[21] A. F. Hastawan, S. Haryono, A. B. Utomo, A. Hangga, A. Setiyawan, R. Septiana, C. M. Hafidz, and S. B. Triantino, “Comparison 
of testing load cell sensor data sampling method based on the variation of time delay”, IOP Conf. Ser.: Earth Environ. Sci., vol. 
700, art. no. 012018, 2021, doi: 10.1088/1755-1315/700/1/012018. 

[22] X. Zhang, and Y. Chen, “Soil disturbance and cutting forces of four different sweeps for mechanical weeding,” Soil Tillage Res., 
vol. 168, pp. 167-175, May 2017, doi: 10.1016/j.still.2017.01.002. 

[23] J. Peng, W. Xu, B. Liang, and A. -G. Wu, “Pose measurement and motion estimation of space non-cooperative targets based on 
laser radar and stereo-vision fusion,” IEEE Sen. J., vol. 19, no. 8, pp. 3008-3019, 2019, doi: 10.1109/JSEN.2018.2889469. 

[24] J. Lim et al., “Robot system of DRC-HUBO+ and control strategy of team KAIST in DARPA robotics challenge finals,” In: M. 
Spenko, S. Buerger, K. lagnemma, (eds) The DARPA Robotics Challenge Finals: Humanoid Robots To The Rescue. Springer 
Tracts in Advanced Robotics, vol. 121, pp. 27-69, Springer, Cham, April 2018, doi:10.1007/978-3-319-74666-1_2. 

[25] H. Choi, and K. Kong, “A soft three-axis force sensor based on radially symmetric pneumatic chambers,” IEEE Sen. J., vol. 19, no. 
13, pp. 5229-5238, July 2019, doi: 10.1109/JSEN.2019.2904606. 

[26] X. Zhang, D. Maddipatla, S. Masihi, M. Panahi, B. B. Narakathu, B. J. Bazuin, J. D. Williams, M. F. Mitchell, and M. Z. Atashbar, 
“Screen-printed strain gauge for micro-strain detection applications,” IEEE Sen. J., vol. 20, no. 21, pp. 12652-12660, Nov. 2020, 
doi: 10.1109/JSEN.2020.3002388. 

[27] W. Chen, H. Khamis, I. Birznieks, N. F. Lepora, and S. J. Redmond, “Tactile sensors for friction estimation and incipient slip 
detection-toward dexterous robotic manipulation: a review,” IEEE Sen. J., vol. 18, no. 22, pp. 9049-9064, Nov. 2018 doi: 
10.1109/JSEN.2018.2868340. 

[28] S. Somlor, A. Schmitz, H. Jinsun, T. P. Tomo, and S. Sugano, “Development of a capacitive-type 6-axis force-torque sensor,” in 
proceedings of the 2017 IEEE International Conference on Sensors, pp. 1-3, IEEE, 2017, doi: 10.1109/ICSENS.2017.8234153. 

[29] J. Kim, Y. B. Kim, D. -Y. Seok, S. Y. Lee, J. Y. Sim, and H. R. Choi, “Performance enhancement of capacitive-type torque sensor 
by using resonant circuit,” IEEE Trans. on Ind. Electron., vol. 69, no. 1, pp. 560-569, Jan. 2022, doi: 10.1109/TIE.2021.3055185. 

[30] A. Sitorus, E. K. Pramono, Y. H. Siregar, A. Rahayuningtyas, N. D. Susanti, I. S. Cebro, and R. Bulan, “Measurement push and 
pull forces on automatic liquid dispensers” Int. J. Electr. Comput. Eng., vol. 11, no. 6, pp. 4825-4832, Dec. 2021, doi: 
10.11591/ijece.v11i6.pp4825-4832. 


Int J Pow Elec & Dri Syst, Vol. 14, No. 2, June 2023: 833-841 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 Oo 841 


[31] 
[32] 


[33] 


[34] 


[35] 


[36] 


[37] 


[38] 


[39] 


[40] 


[41] 


S. M. Biju, and H. Z. Sheikh, “Sensor evaluation for hand grip strength” Int. J. Electr. Comput. Eng., vol. 12, no. 5, pp. 4756-4764, 
Oct. 2022, doi: 10.11591/ijece.v12i5.pp4756-4764. 

P. Maiolino, M. Maggiali, G. Cannata, G. Metta, and L. Natale, “A flexible and robust large scale capacitive tactile system for 
robots,” IEEE Sens. J., vol. 13, no. 10, pp. 3910-3917, Oct. 2013, doi: 10.1109/JSEN.2013.2258149. 

H. -K. Lee, J. Chung, S. -II. Chang, and E. Yoon, “Normal and shear force measurement using a flexible polymer tactile sensor 
with embedded multiple capacitors,” J. Microelectromech. Syst, vol. 17, no. 4, pp. 934-942, 2008, doi: 
10.1109/JMEMS.2008.921727. 

M. -Y. Cheng, C. -L. Lin, Y. -T. Lai, and Y. -J. Yang, “A polymer-based capacitive sensing array for normal and shear force 
measurement,” Sens., vol. 10, no. 11, pp. 10211-10225, 2010, doi: 10.3390/s101110211. 

S. Borik, A. Kmecova, M. Gasova, and M. Gaso, “Smart glove to measure a grip force of the workers,” in proceedings of the 42"4 
International Conference on  Telecommunications and Signal Processing, pp. 383-388, IEEE, 2019, doi: 
10.1109/TSP.2019.8768848. 

Y.-L. Chen, Y. Huang, F. Shih, T. Chou, T. -L. Chien, R. Chen, and W. Fang, “A dual sensing modes capacitive tactile sensor for 
proximity and tri-axial forces detection,” in proceedings of the 2022 IEEE 35" International Conference on Micro Electro 
Mechanical Systems Conference, pp. 710-713, IEEE, 2022, doi: 10.1109/MEMSS51670.2022.9699713. 

Y. -L. Chen, Y. -C. Huang, M. -L. Hsieh, S. -K. Yeh and W. Fang, “A novel CMOS-MEMS tri-axial tactile force sensor using 
capacitive and piezoresistive sensing mechanisms,” in proceedings of the 21" International Conference on Solid-State Sensors, 
Actuators and Microsystems (Transducers), pp. 210-213, IEEE, 2021, doi: 10.1109/Transducers50396.2021.9495459. 

S. M. Biju, H. Z. Sheikh, M. F. Malek, F. Oroumchian, and A. Bell, “Design of grip strength measuring system using FSR and flex 
sensors using SVM algorithm,” IAES Int. J. Artif. Intell., vol. 10, no. 3, pp. 676-686, Sep. 2021, doi: 10.1159 1/ijai.v10.i3.pp676- 
686. 

S. Somlor, A. Schmitz, R. S. Hartanto, and S. Sugano, “A prototype force sensing unit for a capacitive-type force-torque sensor,” 
in proceedings of the 2014 IEEE/SICE International Symposium on System Integration, pp. 684-689, IEEE, 2014, doi: 
10.1109/SIIL.2014.7028121. 

R. D. Pristovani, D. Sanggar, and P. Dadet, “Implementation and design of new low-cost foot pressure sensor module using 
piezoelectric sensor in T-FLoW humanoid robot” Int. J. Electr. Comput. Eng., vol. 9, no. 1, pp. 203-214, Feb. 2019, doi: 
10.1159 1Ajece.v9i1.pp203-214. 

A. Ounissi, A. Kaddouri, and R. Abdessemed, “Synergetic control of micro positioning stage piezoelectric actuator” Int. J. Appl. 
Power Eng., vol. 11, no. 4, pp. 264-270, Dec. 2022, doi: 10.1159 1/ijape.v11.i4.pp264-270. 


BIOGRAPHIES OF AUTHORS 


jiwanekg20.mfg @coep.ac.in. 


patents. He can be contacted at email: smp.prod @coep.ac.in, sudhir.smp @ gmail.com. 


mrd.mfg @coep.ac.in. 


Motor controlled system development with force-assistance using ... (Kshitij Ghanshyam Jiwane) 


Kshitij Ghanshyam Jiwane © ki I> received Bachelor of Engineering degree in 
Electronics Engineering from All India Shri Shivaji Memorial Society's Institute of Information 
Technology, Pune, Maharashtra. He is currently pursuing Master of Technology in 
‘Mechatronics’ at College of Engineering Pune (COEP), an Autonomous Institute of Government 
of Maharashtra, Pune, Maharashtra State, India. He can be contacted at email: 


Sudhir Madhav Patil © EJ I> received Bachelor of Engineering degree in Mechanical 
Engineering from the North Maharashtra University, Maharashtra, India and Master’s and Ph.D. 
degree in Production Engineering from the Savitribai Phule Pune University (SPPU), 
Maharashtra, India. He is currently working as Associate Professor in the Department of 
Manufacturing Engineering and Industrial Management of College of Engineering Pune (COEP), 
An autonomous Institute of Government of Maharashtra, Pune, Maharashtra State, India. He is 
Member of The Institution of Engineers (India), Member of The American Society of 
Mechanical Engineers (ASME) and Life Member of Tribology Society of India (LMTSI). His 
main research interest includes mechatronics, manufacturing automation, robotics and AI, and 
tribology. He has published several research papers and is also co-inventor for couple of Indian 


Maneetkumar R. Dhanvijay ONE Sis working as Associate Professor in the Department 
of Manufacturing Enginnering and Industrial Management, College of Engineering Pune 
(COEP), An autonomous Institute of Government of Maharashtra. He completed his Ph.D. in 
Mechanical Engineering from COEP in 2017 and Master’s in Mechanical-Production 
Engineering from Government College of Engineering, Karad, Maharashtra, in 2004. He is a 
member of the Institution of Engineers (India), The American Society of Mechanical Engineers 
(ASME) and Indian Society for Technical Education (ISTE). His research interest is 
non-conventional machining and mechatronics. He can be contacted at email: 


